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L Dr. Kathy Mitchell, state as follows; 

1. My present position is Senior Scientist Mess; e Pharmaceuticals 448 S Rolling Road 
Baltimore, MD 21227. Message Pharmaceuticals is a licensee of the above referenced patent 
application. 

2. J am an inventor of the above referenced paten: application. 

3. it is my understanding that Examiner has rejected the claims as being non-enabled, 
lacking an adequate vritten deseript t Putx S Pat. No. 
5,919,702. In the telephonic interview on October 28, 2008. the Examiner suggested presenting 
data that further described the claimed ceil population and that demonstrated how the ceil 
population obtained by the claimed process differ from the prechondroeytes of Purcltio et &l and 
the Wharton's jelly extract used by Purehio et at as well as embryonic stem ceils. 

4. The cell population obtained by the process described in the claims;, a) 

a ik rd s a i * ersed umbilical 

cord matrix ceils; b) culturing the emtymaticafiy dispersed umbilical cord matrix cells in the 
preset I s > EG1 i et den g? c 1 K :S j 

proliferate the umbilical cord matrix cells: c) culmriag the enigmatically dispersed umbilical 
cord matrix cells on a substrate surface ami removing non-adherent cells; and d) culturing 

. 1 . 
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adherent cells from (c) to select for a population of umbilical cord matrix cells that comprise 
cells that are negative for CD34 and (1)45, positive for telomerase activity, can be expanded in 
vitro, and maintained in culture thi pa rs sig • I 5 the I urvhso 

prechondrocytes and embryonic stem ceils. 

5, Cells isolated from Wharton's jelly of umbilical cords by the method of Purchio et aL 

(Figure .1) were allowed to migrate from the tissue and expand for 10-12 days as described. The 
Purchio prechondrocytes were harvested by uypsnuzation, replated and expanded for 4 passages. 
Purchio et al. does not describe a ceil population obtained by enzymatic dispersion of Wharton's 
jelly. Cells were isolated from umbilical cord matrix by the method of Weiss et al. by using 
enzymatic dispersion (in this case hyaluromdase and collagenase) and mechanical disruption 
followed by plating tor expansion. The umbilical cord matrix stem cells ( Weiss-UCMSC) were 
expanded for four passages. 
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Hgurehteh < I ud > < ' > if ■ V uu >n ' b\ -he method oi Ptncfno et ai I ppes 
panel shows an example of cel.! migration from the tissue 7 days after processing. The lower 
panel shows an example of ceils 12 days a her processing of the cord just prior to harvesting by 
trypshiizatioii. 



6, Initial isolates of Weiss »U CM SC.' (PO) were analyzed for seven cell surface markers by 

PACS (Table I}. The results from. FACS analysis of Weiss-UCMSC fPO) show a general trend of 
lower percentage of cells positive for the HSC marker CD34 and endothelial precursor markers 
CD31 and CD} 33 than for the mesenchymal stem cell (MSC) marker; CD90. A comparison of 
marker expression for Weiss-UCMSC between PO to P4 (Table 2} shows no significant changes 
in the expression pattern of those markers. Exceptions to this trend are the relatively low 
expression of the MSC marker, CD73 (31.7%) and high expression of the HSC marker CD45 
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(46.6%) by Weiss-UCMSC FO. The expression nfCD45 is greatly reduced in P4 Weiss- 
UCMSC. The expression of CD73 and CD45 are also significantly different in P4 Weiss- 
UCMSC (93.6% and 1 .6%, respectively) reflecting a more MSCMike phenotype that is obtained 
after adherent ceil selection and passage of the ceils in culture medium containing PDGF and 
EGF, favoring growth of undifTerentiated MSG 
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Table 2: FACS Analysis of Cell Surface Marker Expression of WeisvU \ls( md Purchio 
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7. The data in paragraph 5 demonstrates that the ceil population obtained by the process 

of enzymatic dispersion and adherent cell selection is substantially different from the coil 
population produced by Purchio' s methods. This difference is demonstrated by the differences 
m cell surface markers. The cell population obtained following the processing steps is a 
substantially different cell population. 
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$. There are also other differences between unprocessed Wharton's jelly and the cell 
population obtained > t < p sing steps 1 it Whan n's jei Pu IrioetaS s^ 

described as follows: 

Wharton's jelly is a gelatinous substance found ;n the umbilical cord which has been 
generally regarded as a loose mucous connective tissue., arid has been frequently 
described as consisting of fibroblasts, collagen fibers and an amorphous ground 
substance composed mainly of hyaluronic acid (Takechi etai, 1993, Placenta 14:235- 
45). Various studies have been can led out on the composition and organization of 
Wharton's jelly (Gill and Jarjoura, 1993, J. Rep. Med. 38:61 1-614; Meyer et aL 1983, 
Biochim. Bsophys. Acta 755:376-387}. One report described die isolation and in vitro 
culture of "fibroblastdike" cells from Wharton's jelly (MoElrenvey et a!, 1991, 
Biochera. Soc. Trans, 636th Meeting Dublin 19:29S), 

Lacking in the description provided by Purcluo et aL, is a description of the structural features of 
(he entirety of the umbilical cool of which Wharton's jelly is only part, and a full description of 
the complex structure of Wharton's jelly itself. The fully developed umbilical cord has one vein 
and two arteries surrounded by mucous or gelatinous connective t issue, the Wharton's jelly 
component, all of which is covered with amnion ting, fig There are three distinct /.ones of 
stromal cells and matrix that can be identified in the umbilical cord: the subammotic layer, 
Wharton's jelly, and the media and adventitia surrounding the vessels (Mitchell 2005 and 
references therein). The Wharton's jelly region us the most abundant and has cleft-dike spaces of 
stromal matrix molecules ofcollagens type L ill. and VL with collagen type VI. lanunin, and 
heparin sulphate proteoglycan around the clefts. The jelly-filled, cleft-like spaces are surrounded 
b\ stromal ceils th u are sit rides an I spinel s aped m\ hrob ists « rich express umentin and 
smooth muscle acini as well as desmin (Mitchell 2005), 

We have investigated the localization of proteins expressed by umbilical cord matrix cells in situ 
and found that they are expressed by cells in specific regions of the umbilical cord. Oct-4 is a 
uansuipta n \ut< s pumatily expressed b\ u o t n < » x t m s eni<.ei^ is d \ i on h 
an intermediate filament expressed by primitive myofibroblasts, mesenchymal stem cells (MSG) 
and other types of precursor cells. Figure 2 demonstrates that the Oct-4 and vbnentin- ex pressing 
cells in the umbi l ical cord are confuted to specific regions, near the vessels and beneath the 
amnion. This perivascular localization of the cells expressing stem cell markers is typical of the 
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localization of MS( n adul md organs Note that the major portion of Wharton's jelly 

is m£ populated by cells which express these markers as shown in Figure 2. However; this 
region is not acel hilar based on histocheraical staining (data not shown). Thus, UCMS cells can 
he isolated from only a fraction of the entire umbilical cord, matrix regions. Stripping the 
amniotic coveting or vessels, as described by the method of Purchio et al, without extreme 
cam would essentially eliminate these stem ceil* from the Wharton 's jelly prior to its etdturmg, 




Figure 2 Oct- -I and unvu v ca Vi nons (in tins) 

of tanbfiical cord were probed for Oct-d expression won DAB as a chromogerv imraunareactivhy (dark 
brown stainuig was observed sn {he rounded central portions of cells that are found in clusters (circled) 
near the vessels t'V) and amnion (A), 8) A composite image of a human umbilical cord shows vimemm- 
positive cells acai the \ essels i\ > and beneath die amnion ( V) Magnification of boxed regions in Panel 8 
show vimentin posit e cells vsnx < I be nion CD). Panel £ shows a 

typical example of an umbilical cord cross section probed with secondary antibody alone Note the 
absence of vtmentin and/or Oct -4 positive ceils in the major portion of Use Wharton's jelly between the 
vessels and die amnion 

in summary: 

» from the pe peetive of the 1 s i of the matrix and how the cells are 

"entrapped" in lacunae surrounded by matrix consisting of collagen and proteoglycans, it 



-6- 



PATENT 

Attorney Docket KS1 JRF-0S40I 

seems om sous that eozj - k n of those specific molecules in eolkgenase and 

hyaiuronidase would be required to free to them, 

» Only migratory cells can be isolated from the explains by method of Purchio. 

» 1 ACS analysis of cells of the invention of Weiss et I are 100% vimemm positive (data 
not shown). Vimentin- positive cells are only found in specific regions of the cord 
matrix which is lost by the method of Purchio wherein the amnion and vessels are 
stripped and only the component of umbilical cord matrix consisting of Wharton's jelly 
Is cultured. 

9. The data in paragraph 6 demonstrates that the cell population obtained by the process 

of enzymatic dispersion and adherent ceil selection is substantially different from the cell 
population obtained by the method of Purdue etal. In Purchio et aL the Wharton's jelly is 
cultured as follows; 

Wharton's jelly is collected from the umbilical cord under sterile condit ions by any 
appropriate method known m the art. For example, the cord is cut mum erse% with a 
scalpel : for example, into approximately one inch sections, and each section transferred 
to a sterile container, such as a 50 ml centrifuge tube, containing a sufficient volume of 
phosphate buffered sahne (PBS) containing CaCh {0.1 g/1) and MuChO If O (0. 1 g/1) 
to allow surface blood to be removed from the section upon gentle agitation. The 
< action is then tenuned to >, mo; tk-^uj lace uhete the o uei lu\ ei oi "easing" ol the 
section is shced open along the cordis longitudinal axes. Wharton's jelly is typically 
located between the three blood vessels of the umbilical cord. The blood vessels and 
easing are dissected away, for example, with sterile forceps and dissection scissors, and 
die Wharton's jelly is collected and placed in a sterile container, such as a 100 mm TO 
treated Petri disk The Wharton's jelly may then be cut into smaller sections, such as 2- 
3 tutu , for entering. 

Purchio, Column 11, lines 8-25. Thus, in Purchio et aL a section of Wharton's jelly is removed 
from the umbilical cord and cultured. As shown m "Table 2, this process results in a 
mh tan different I populate has ; pi dm b fl > aimed method in total, the 
percentage oi ceil* expressing of fore of the eleven cell markers is significantly different 
between the two populations. Purchio prechondroeytes and Weiss-f JCMSC were analyzed by 
FACS at P4 for eleven cell surface markers (Table 2). The matrix receptors. €041 and CDI05, 
both important foi difterentiatton o! MSC.areexp essed n s gu ikanth higher levels in Weiss- 
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1 ( MSt t!u»n m Puichto p <. wo In addition, ('D1A? an etHfod' o>ot marker 

that is observed in some MSCs, is expressed at higher levels in Weiss-UCMSC although overall 
expression is still low (2/7%), CD 146, a pericyte marker that has re< en? I > 1 fentiried is 
many tissue-specific MSG. is expressed at higher levels in Pitrehio prechondrocytes than in 
Weiss-UCMSC (613% vs 16.9%, respectively). 

.1 0. There is a staking difference in morphology of the eells obtained by the method of 
Purehio et ah, and Weiss et ah, in high density cultures although the cellular morphology is 
similar at low d< t h4 ees ii the cellular morphology 

between Weiss-UCMSC which are rounded spindle-shaped cells compared to the thin, elongated 
shape observed for the majority of Purehio prechondrocytes at high density; the overall 
appearance and organization of the cells is also very different (Figure 3, 4} The Weiss-UCMSC 
form embryoid body-like structures when approaching confluence (Figure 2). Similar structures 
have no! been observed in cultures of Purehio prechondrocytes which become aligned and tightly 
i fovith some i ton iowin if t i \ xppz nan igttre 4 




Figure 3: Weiss-UCMSC M at left) low density, center) higher density and right) 
overconflucnce. Note the spindle-shaped myofibroblast- like morphology of the UCMSC and the 
formation of embryoid body -like colonies at higher culture densities. 
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overcontluence. Note the spindle-shaped nwoftbrohla.st-like morphology of the prechondroeytes 
that is similar to UCMSC at low density. In contrast the high density cultures show cells with 
strikingly different morphology than UCMSC high density cultures. Most notable is the absence 
of embryokl body-like colonies and the "wou-n" highly organized appearance of the high 
density prechondrocyte cultures . 

1 1 . There is also a substantial difference in the ability of the Pure hie cells to differentiate as 
opposed to the Weiss-UCMSC. To determine if the Purchio prechondroeytes are mishspotential 
and can differentiate across cell lineages, they were treated with a neuronal induction protocol 
shown to induce neu . • - • «Ah fit MM Both Purchio preelsondrocytes and 

Wetss U Mm Htaeah neatod 'o uh adipocyte chondrogenk and osteogenic induction 
medium to show mesodermal lineage potential. Purchio prechondroeytes were not capable of 
neuronal differentiation when treated by the method of Woodbury et ai. s {2000} which was 
demonstrated to differentiate Weiss-UCMSC into neuronal phenotypes (Mitchell et al, 2003), 
Figure 5 shows the Purchio prechondroeytes and Weiss-UCMSC treated with neuronal induction 
Adipogenk . v- t s n of Weiss-UCMSt nd Purchio 

prechoondrocytes are shown in Figure 6. Both Weiss-UCMSC and Purchio prechondroeytes can 
differentiate into mesodermal lineage cells, while only Weiss-UCMSC can differentiate into 
neuronal cells of ectodermal lineage. This suggests that Weiss WJC are pfuripotent while 
Purchio prechondroeytes clearly are not. 
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Figure 6: Adipogenic, chondrogenic and osteogenic differentiation of Wet\s4 CMSC and 
adipogenic and osteogenic Pttfdno prechooadiocytes (arrows indicate lipid droplet containing 
round adipocyte-Hke cells in die Purchio adipogenic differentiation and mineralization in the 
osteogenic differentiation medium), 

12, The data presented in paragraph 5 further demonstrate that populations of cells isolated 
by the claimed process steps are clearly distinguishable for embryonic stem cells, in particular, 
cell populations made by the claimed process steps have different cell surface markers than 
embryonic stem cells. 



14, I further declare that all statement made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
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statements vm* made with the Pledge to wfflfti false m*wm md Urn like so made am 
puatshabfe by fine or imprisonment, or both, under section 1001 of tide 18 of &» Halted States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon, 

1 5 - Mowing references are attached: 

Tab I . Htrko, A., R. Dallam & Jotnura, Y. Xu {2008) Modulation of mtaiatory releases 
after global ischemia by transplanted umbtlieal cord matrix stem eel is. Stem Cells Express, 
published oahne August 21, 2008; doi:l0J634/stemce!Ss 

m S " C - M - 9* Mitchell, R. Dates, % Xu. £200?) Potential 

trafment of cerebral global ischemia wfth Get-4+ umbilical cord matrix stem ceils, Stem Ceils, 
25(1X98-104 

Tab 3. Mitchell K..E (2005) "Umbilicai Cord Stem Ceils", Stem Cells in Fndocrinn^ , 
Humana Press, Editor, Linda Lester, pp 49-66 






Dr. Kaihy Mitchell 
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TAB 1 



- 13- 



Stem Cells Express, published online August 21, 2008; doi:10.ie34/stemcells,200S-«07S 

S n;M Crju.s* 

i'LSS bit CSl i HI.S 

Modulation of Inflammatory Responses after Global Ischemia by 
Transplanted Umbilical-Cord Matrix Stem Cells 

Aaron Hkko\ Renee Daflaseng Sachiko JotnuraJ l& Van Xu u "" : '" 

Departments of 'Anesthesiology, 'Pharmacoiogy, and 'Structural Biology, University of Pittsburgh 
School of .Medicine, Pittsburgh., PA 1 5260 

key vKirtis.l tnbdical cord matrix stem cells * Stroke ♦ Reactive asirocytosis ♦ Microglia ♦ \ itnennn * Nest in * Stein cells 



Abstract 

Rat umbilical card matrix (RIJCM'i cells are steot-celP 
Sike celts and have been .shown So r«fm:e ftcurunai loss 
5:0 th« seiectivds vulnerable brain regions after cardiac 
arrest (CA), Here, we investigate whether this 
protection is mediated by the RU€M cells' modulation 
of 'the post-ischemia inflammation responses, which 
have long been implicated as a secondary meehaaism 
of iujary following isriu-mia. Hraia sections were 
examined iotmunobisioeheooeaily for GFAF, vtaumthg 
and aestin as markers for astroglia ami reactive 
astroglials* Rieinas Coarmunis Agglutinin-! (RCA-1) 
as a marker for microglia, and Kio? as ;i marker for 
cell proliferation. Rats were randomly assigned to six 
experimental groups: (i) 8-a»in CA without treatment, 
(2) K-inia CA pretreated with culture medium 
injection, (3) 8-min CA pretreated with RCCM cells, 
(4) sham-operated CA, (5) medium injection without 
CA, and ((>) RtJCM ceil traosplantaiion without CA. 
Groups 1-3 have significantly higher Ki67' cell counts 



and higher GPAP iovm»mm:acmity in the 
hippoeampal CAI region compared hi groups 4-6, 
irrespective of treatment. Groups .1 and 2 have highly 
elevated GFAP\ vimen&»% and nestln* 
iaMannoreactivity, indicating reactive. astrogliosis, 
Sirikio&tY, RUCM cell treatment nearly completely 
inhibited the appearance of vimenihP and greatly 
reduced nesthT reactive astrocytes* R'UCM cell 
treatment also greatly redoeed RCA-1 espresslon, 
which is found to strong!) correlate with the neuronal 
loss in the CAI region. Our study indicates that 
treatment with stem-ceiMike RUCM ceils modalates 
the inlkunmaton rv-pouw to global ischemia and 
renders neuronal protection by preventing permanent 
damage to the selectively vulnerable astrocytes in the 
CAI region* 



Cerebral global ischemia secondary to cardiac 
arrest (CA) causes oxygen and glucose 
deprivation in the brain, leading to brain damage 
or death unless cerebral blood flow ts restored 
immediately. Ischemic brain injury ts 
characterized by a delayed selective loss of 
vulnerable CAI pyramidal neurons in the 



hippocampus. Post ischemic inflammatory 
response is thought to be a major contributor to 
the delayed neuronal loss following ischemia [L 
2] and involves bud te*ne a-stuHoto^, \d 
microgliosis in and around the damaged area of 
the brain (3. 4], 

The process of reactive astrocytosis consists of 
hyperplasia and hypertrophy of astrocytes along 
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with the concomitant up-regulatkm of 
intermediate filaments such as glial fibrillary 
acidic protein. (ClfAP), vimemin (VIM), and the 
re-expression of riesthi (NFS) [5], Acutely 
reactive astrocytoma appears to be 
neuroprotective [6]. At later time points, 
however, the reactive astrocytosis and the 
c I _ . arm save >een 4iown to cause 
a physical and biochemical harrier to axonal 
icsjvnciati.'ii ,md \\napn-„.enesis. hlndenna 
neuronal repair and recovery |7|. 

The process of mierogliosis involves the 
activation of resident microglia along with the 
recruitment of peripheral macrophages in and 
around tlx 

ceils ser ve as scavengers tor clearing the cellular 
debris. They can also secrete a variety of 
cytotoxic and protective chemicals [S'j. A 
number of sUkhes wi*h mamient ^tati'mes 
aimed at reducing microglial activation, have 
shown to reduce neuronal damages after the 
treatment [ ( >~!2]. On the contrary : others have 
shown that microglia may actually play a 
protective role after ischemia [13-15]. 

We have recently demonstrated that 
transplantation of rat umbilical-cord matrix 
(RUCM) cells can provide partial protection 
against neuronal injury after global ischemia 
[16], These cells, derived from the Wharton's 
jelly of the umbilical cord, are primitive stem- 
cell-like cells [17 J. They are positive for several 
important stem cell markers, particularly 0ec~4, 
can be expanded far beyond the Hayfhck limit in 
culture, arid can be induced to differentiate into 
several cell types [17, 18]. Rats treated with 
RUCM cells three days prior to an 8-m.in CA had 
only IV^-'C'V neuronal io\- m the hmpocampal 
CA! region compared to the typical 50-68% 
neuronal loss observed in the untreated Of the 
vehicle to. * etl nimals £ nation and 

stem cell fusion with the host ceils were ruled 
out as the predominating mechanisms for the 
protection. Other mechanisms, including 
extracellular signaling, were suggested. Given 
the fact thai story responses max pla> a 

defining role in the delayed neuronal damage, 



this -and> anus at evmumng the mitigating 
effects of the stem-celblike RUCM cells on the 
post-ischemia inflammatory response as a 
possible mechanism of neuroprotection. 
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Animal Groups 

All animal protocols were approved by the 
Institutional Animal Care and Use Committee of 
the University of Pittsburgh. Paraffin-embedded 
brain tissues., randomly selected from four 
experimental groups in the previously reported 
studies [16] and two additional groups added for 
this investigation, were combined and examined, 
'The six experimental groups are; (1) 8-nii.o 
cardiac arrest alone (CA only, n ~ ; 6); (2) 
microinjection of the defined media (DM) at four 
unilateral locations, as detailed previously [16], 
followed three days later by an S-mm cardiac 
arrest (DM -f CA, n ::: 7); (A) transplantation of 
stem-cell-like RUCM cells at. the same four 
unilateral locations followed three days later by 
an 8-min cardiac arrest (RUCM • CA., n - 6); {4} 
sham-operated cardiac arrest without 
pretreatment (sham, n ™ 4s, (5) microinjection of 
defined media unilaterally at the same four 
locations without cardiac arrest (DM only, n » 
4), and (6) transplantation of RUCM unilaterally 
at the same four locations without cardiac arrest 
(RUCM only, n - 5). The DM is composed of 
the Diilbecco modified Eagle's medium 
(Invitrogen, Carlsbad, CA) and MCDB-20I 
medium (Stgma-Aldrieh, St. Louis, MO) 
supplemented with fx insulin-transfenin- 
selenmm (Invitrogen), 2% fetal bovine serum 
(BD Biosciences. San Jose. CA), 0.1 nM 
dexameihasone (Sigma-Aldrich), 0.15% liptd- 
rich bovine serum albumin (Albumax from 
Invitrogen T 10 uM ascorbic aeld-2-phosphate 
(Sigma-Aidrich), Ix penicillin/streptomycin 
(Thermo- Pis her, Sttwanee, GA). 

Cardiac Arrest and Resuscitation 

CA and resuscitation were performed as 
described before [16, 19-22]. Briefly, male 
Sprague-Oawley rats weighing 234 ± 27 g 
(Barlao Sprague Dawley, Inc., Indianapolis,, IN) 



were subjected to a clinically relevant outcome 
model of CA. Under isoilurane anesthesia, rats 
were intubated orotracheally, mechanically 
ventilated, and paralyzed with pancuronium 
bromide (2 mg/kgs. CA was Induced by an i.v. 
bolus injection of an ultra-short-acting p r 
blocker, esmolol (6.25 nig), along with the 
stoppage of mechanical ventilation 
Resuscitation was started either immediately 
(sham) or after 8 minutes by 100% Qj 
ventilation along with a retrograde infusion of 
oxygenated blood mixed with resuscitation 
•mixture containing heparin (5 ICrni), sodium 
bicarbonate (0 05 uiEq/obf and epinephrine (8 
pg/ml). 

RUCM cell transplantation 

As characterized in detail previously [16], 
KUCM cells were cultured and confirmed to be 
Oct -4 positive. Muhiple lines of experimental 
evidence, including inununohistochenusiry, flow 
cytometry, transcript analysis, and karotype 
stability beyond Hayfbck limit support the 
notion that these cells ate stem-cell-like cells 
(meaning that they show some characteristics of 
stem cells). Three days prior to CA, 
approximately 4 10 [4] RUCM cells in 10 j*L 
(2,5 j.iL at each site) were injected at the 
following tour sues In the left hemisphere: dorsal 
thalamic nucleus, dossal hippocampus, corpus 
caUosutn (CC), and dorsal cortex, As controls, 
defined medium was injected in the exact same 
manner at the same four locations. 

Tissue Preparation 

Ten days after RUCM cell or DM injection and 
seven days after CA and resuscitation, rats were 
anesthetized with isotlurane and perfused with 
buffered 10% formalin phosphate. The brain was 
extracted from the skull and stored in buffered 
10% formalin for 48 hours. The brain section 
contain! . the d< aropa! region was 

embedded tn paraffin and sliced into 6-imi-thick 
coronal sections using an American Optical 
model 820 microtome, Approximently 40 
sections were collected from the region between 
-3.5 and •3.75 mm from the bregma. Two 
sections spaced apart by a section were randomly 



selected for each type of staining. Another two 
sections, approximately 15 sections posterior to 
the first two, were also selected for each 
staining. 

Immtmostaining 

Sections were deparaffinized, rehydrated, and 
then boiled in 10 niM sodium citrate (pH ~ 6.0) 
for antigen retrieval. Standard 
immtmohistochemistry techniques were used. 
The primary antibodies were incubated overnight 
at 4°C using mouse ami-GFAP (1:200) from 
Neuronites (Edina, MN); rabbit anti-vimenbn 
(1:200), rabbit anti-Kfo? (l;i 00), and goat ants- 
Ibal (1:50) from Abeam (Cambridge. MA); and J 
biotinylated RCA- 1 (1:2000) from Vector | 
Laboratories (Buritngame, CA). Secondary | 
antibodies used in the study were Alexa floor ~. 
594 goat anti-mouse 3gG Sa (1:500), Alexa Fluor § 
488 goat anti-mouse IgGr (1:500), and Alexa | 
Fluor 4S8 goat anti-rabbit IgG (1:500) from T 
luvitrogen; Cy3 goat anti-rabbit (1:250) from | 
Jackson Immcnoresearch (West Grove, PA); and g 
biotinylated goat anti-rabbit (1 :500) from Dako § 
(Glosmuy Denmark), For dlaminobenzidtne .| 
(DAB) staining, sections were incubated with g: 
ExtrAvidin peroxidase CHRP) conjugate |- 
(1:1,000; Sigma- Aldrich). Tissues labeled with § 
HRP were developed with a solution of 0,6? | 
mg/ml DAB (Sigma- Aldrich) and 0.13 ul of J 
30% Ujh per mi of PBS [23j. DAB-stained c 
sSli4e§ were then dehydrated and cleared in. § 
xylene and coverslipped with P.nkitt mounting f> 
medium (EMS, Hatfield, PA). For fluorescence "J 
imaging, nuclear DNA. was stained with 4 ! -6- 1 
diamidi.no-2-phenyhndole (DAPI) 1 pg/mL in 
PBS (Sigma- Aldrich) and coverslipped using 
FluoromounoG (Southern Biotech. Bmnmoharn, 
AL), 

linages were acquired using the In Vivo 3.2 
software (Medsa Cybernetics, Betbesda, MD) 
driving an Olympus 1X8 i microscope ( Tokyo, 
japan) with a Prior motorized stage, a Sutter 
Lambda xenon exciter light source, an Olympus 
disc-scanning unit (DSD), and captured with an 
ORCA-ER (Mamamatsu, Japan) digital camera. 
All images were post-processed and analyzed in 
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a blinded manner li e., investigators were 
unaware of the group identities) using Image-Pro 
AMS (Media Cybernetics). Percent positive area 
stained fo? G1 *P S'FA ui K( \ I n she { \ 
.regions were analyzed by thresholding 
segmentation. The CAI regions of interest were 
defined by closely outlining the cell layer as 
determined by using the DAW nuclear staining 
(see online ippl mentan, materials) Hie same 
regions used for deters tg he tercent positive 
areas were used for cell counts. GFAP* cell 
density was also calculated by counting all 
GFAP' cell soma (defined as an area of GFAP' 
immuiioreaetivity clearly in association with a 
nuclear stain, see online supplementary 
materials) in the image plane of the CAI 
pyramidal ceil layer, normalized by the area 
within which the counting was performed. 
Vimentiti was analyzed by counting VIM* celts 
within the CA 1 region of the hippocampus. KM? 
was analyzed by counting Ki67" cells in four 
predetermined, ^ non-overlapping, equally 
spaced, 0,15 ram'' circles on each side of the 
hippocampus. 

Data Analysis 

Statistical analysis was performed using 
SigmaStat software {Systat Software, Inc, San 
Jose, CA) and. GraphPad PRISM {GraphPad 
Software, Inc., San Diego, CA). Three-way 
ANOVA was performed using brain side 
(injected and contralateral), cardiac arrest (with 
and without), and treatment type (none, DM, or 
RUCM) as group identifiers (categorical 
factors). When a significant result was detected 
with ANOVA, a post hoc Holm-Stdak test was 
used for pair-wise comparisons. The results are 
reported as mean ± SEsVl and a p value of < 0.05 
was considered significant 
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Glial fibrillary acidic protein imniunostainmg 

Upreguiation of the type 3 intermediate filament 
protein GFAP along with hyperplasia and 
hypertrophy of astrocytes are the hallmarks of 
astrocytosis in response to insults on the central 
nervous system [24]. Fluorescent 



immunostaining for GFAP was used to examine 
if pretreatment with stenocelldike RUCV1 cells 
had any effect on astrocytes?* m response to an 
8-min cardiac arrest immui? raining revealed a 
significant increase in GFAP staining in the CAi 
region of the hippocampus for all animals 
subjected to 8 roin of cardiac arrest (Figure I), 
At higher magnification, this increase appeared 
to be due to an increase both in the number of 
astrocytes and in the thickness as well as the 
number of GFAP" processes, commonly seen 
with reactive astrogbosts (Figure 2) Semi- 
quantitative analysis of the percent GFAP' area 
and semi-quantitative cell counting in the CAI 
region supported our initial observation, 
revealing thai the contralateral and ipsilateral 
(injection) sides of the CAi regions had. 
respectively. 17.9 ± 3.8 % and 18.3 ± 3.5 % ? and 
328 ± 33 and 323 ± 24 cells/mm 2 for Group I 
(CA. only); 15.2 ± 1.5 % and 15.8 & 1.6 %, and 
287 * 10 and 317 * 19 cells/mm 2 for Group 2 
(DM + CA); 1.2,0 .*. 3,2 % and 13.1 * 2,3 %, and 
348 ± 35 and 329 ± 41 cells/mm 2 for Group 3 
(RUCM r CA); 1 .8 ± 0.4 % and 1 .7 * 0,4 %, and 
163 * 10 and 147 .t 13 cells/mm" for Group 4 
(sham); 3.4 ± 0.4 % and 4.1 * 0.8 %, 14? * 11 
and 147 ± 15 ceils/mm 3 for Group 5 ("DM only); 
and 43 ± 0.6 % and 4.5 ± 1 .1 %, and 186 ± 22 
and 192 ± 34 cells/mm 3 for Group 6 (RUCM 
only). On average, the percent GFAP' areas are 
about 3-4 times higher in the CA groups than in 
the non-CA groups, whereas the GFAP' cell 
densities increased only by a factor of 2 in the 
CA groups compared to the non-CA groups 
(figure G fbts suggests that (he addmoaa 
percentage increases in the positive GFAP 
staining areas are due to thicker and more 
numerous astrocytic processes. 

Vmtentb imm««ostaiai«g 

Vimemin is another type 3 intermediate filament 
protein that is usually upregu'lated during 
?cacu\t a^tUi\toio 2 1 \ uuentm o also 
expressed in radial glia and neural precursor 
cells. In our study, animals not subjected to 
cardiac arrest (Groups 4-6} appear to have little 
VIM staining; the trace amount appears to be 
associated with the injection needle tract in the 
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CA1 region on the injection side. Three-way 
A NOV A showed that cardiac arrest (P < 0,001), 
and different injection treatments (no injection, 
DM injection, and RUCM cell transplantation; P 
88 0.002) as categorical factors were significant 
sources of variation Brain side was found :»ot $0 
be a significant source of variation (P ™ 0,683), 
A significant interaction between cardiac arrest 
and injection treatment was detected (P ;;; 0,001 f 
Holm-Sidak post hoc comparisons revealed that 
among the animals subjected to S-tnin CA, 
Group 1 (CA only} was significantly different 
from Group 3 (RUCM CA) {P 0.05} and 
Group 2 (DM ; - CA) was also significantly 
different from Group 3 (P < 0.001), No 
differences were d n I Ix I veen Groups I and 
2, or among Croups 4 (Sham), 5 (DM only), and 
6 (RUCM only). In Group I (CA only), the 
VIM" ceil counts are 90 * 15 and 94 ± I? per 
CAJ section on the injection side and 
contralateral side, respectively, in Group 2 (DM 
■•t- CA), the range of VIM''' ceil counts is not 
significantly different from Group 1, being 120 a-. 
28 and 107 .* 34 on the injection side and 
contralateral side, respectively. While the total 
number of VIM " cells is significantly less than 
the number GPAP* cells In the same CAI area, 
all VIM" cells in the CAI region seem to always 
co-localize with GFAP : ceils (Figure i). The 
most striking and interesting finding is dan the 
animals in Group 3, which received stem-cell- 
like RUCM ceil transplantation 3 days before 
cardiac arrest, show a greatly reduced amount of 
VIM' cells m the hippocampal C \i regions. On 
the injection side, CAI VIM* cell counts for 
Group 3 ranged from 7 to 62 (23 ± S). Most of 
these cells appeared to associate with the damage 
along the needle tract. On the contralateral side, 
two animals in Croup 3 has no detectable VIM. 
cells in the CAI region, three had counts ranging 
from 2 to 6, and only one animal had a count of 
13 i-10 on the different sections analysed. All 
VIM v ceils had the typical star shape associated 
with astrocytes {data not shown), 

M est in im mu i wstai ti I ng 

Nestin is a type 4 intermediate filament that is 
usually expressed in neural precursors and can 



also he reactivated in the reactive astrocytes. We 
observed from our immu no staining that Group I 
(CA only) and Group 2 (DM + CA) had high 
evels oi NES h hvity on both the 

contralateral (figure 3) and the injection sides in 
the hippocampai CAI regions. Again, cardiac 
arrest and injection treatment as categorical 
factors were found to he a significant sources of 
variation (P < 0.001 , and P *» 0.012 respectively). 
A significant interaction between CA and 
injection treatment was detected (P < 0,01), 
Brain side was not a source of significant 
variation (P ™ 0.93). Post hoc analysis revealed 
significant differences between. Groups 2 (DM -r 
CA) and 3 (RUCM + CA) (P - 0,003). The 
percentage of positive NES staining area in the 
CAI region in Group 1 (CA only) is 3,8 ± CO % 
and 4.4 ± 1.3 % on the contralateral and injection 
side, respectively, and 6.7 * 2.1.1 % and 7.1 ± 1 .8 
%, respectively, in Group 2 (DM * CA). hi 
Group 3 with RUCM cell treatment, animals had 
significantly less NES" immuooreactivity (3.1 a- 
0.8 % on the contralateral side and 1.5 £ 0.7 % 
on the injection side). I he NFS' cells have the 
typical star-like morphology (data not shown). 

Microglia Response in the CAI 

Microglia are the key regulators of the 
inflammatory response in the central nervous 
system. In response to insults and injuries, 
microglia become activated and change their 
morphology and function from a resting ramified 
state to an activated phagocytic state. We used a 
lectin stain (Rieinus Communis Agglutinin I.. 
RCA- 1) to visualize the microglia response in 
the CAI region of the hippocampus in our study. 
The animals not subjected to 8-min cardiac arrest 
(Groups 4-6) were virtually devoid of RC.\« i 
staining (Figure 4). Group 1 (CA only) and 
Group 2 (DM + CA) had numerous RCA- I s 
cells dispersed throughout die CAI regions with 
the morphology of the activated, phagocytic 
type. Subjecting the animals to 8-min CA was a 
significant source of variation (P < 0.00 J), so 
were the different injection treatments (P < 
0.001). Brain side was again not a significant 
source of variation (P - 0.883), The interaction 
between the injection treatment and CA was 
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highly significant (P < 0.001). Semi-quantitative 
analysts revealed that Group I had 11M ±0.9 % 
and 16.0 .*. 12 % RCA-1" areas for the injection 
and contralateral CAi regions, respectively. 
Group 2 had 14.0 ± 2.1 % and 16.1 ± 1.8 % 
RCA-1" areas : respectively. Group 3 appeared to 
have jess RCA-1 inimunoaehvity that was 
distributed in tight clusters in the CAI region 
(7.1 ± 2.0 % and 6.1 ± 1.5 % RCA-1 : areas in 
the injection and contralateral ( Al tenons, 
respectively? and are siunifieantiv different from 
both Groups 1 and 2 (P < 0.001, liolm-Sidak 
post hoc test between Groups I and 3 or Groups 
2 and 3). Direct counting of microglia proves to 
be difficult because even at high magnifications 
it is nearly impossible to determine where one 
ceil ends and another begins especially where 
they form c< rip < anula? corpuscles. 

Ceil Pro fife rat ion 

Prohlerat.ion of microglia and astrocytes is 
another hallmark of the inflammatory response 
to ischemia in the brain. Ki67 is a nuclear 
protein found in cells that are in all phases of the 
active cell cycle. We used K.i6? 
immunohisiochemtstry to examine if stem-cell- 
like RUCM cell treatment has a measurable 
effect on the increase to cell proliferation 
associated with die inflammatory response to 
ischemia. We observed an increase in the 
number of Kid?" cells in the CAi region for all 
8-min CA groups (Figure 5). Having or not 
having a cardiac arrest was found to be the major 
source of variation (P < 0,001). There were no 
other significant sources of variation or 
interactions detected.. 

To determine what cell types were involved m 
proliferation, we performed double 
immvmolabehng studies for Ki67 along with 
Gf AP or the microglia marker iba-5 in Gioup 2 
(DM * CA) and Group 3 (RUCM - CA). High- 
magnification DSC confocal microscopy 
revealed that both microglia (Figure 6A) and 
astrocytes (figure 68) were involved in the 
proliferation. Semi-quantitative analysis showed 
no significant differences between Groups 2 and 



3 for the proportions of Ki67* ceils that were 
microglia or astrocytes (data not shown). 

tfiM i s:s(«)N 

Our study used a pietreatment strategy to 
examine possible mechanisms of RUCM cell- 
mediated neuronal protection against global 
cerebral ischemia, allowing us to test the 
hypothesis that the transplanted cells can become 
activated by acute ischemia and improve the 
global histological outcome without evoking 
ttarisdrfferentiation or ceil fusion as the 
predominant modes of protection Although 
posttreatment is currently the most desirable 
modality in many clinical situations, 
pretreatroent strategies ate also highly clinically 
relevant, especially considering the rapid 
advancement in early diagnosis and preventative 
medicine and the development of state-of-the-art 
surgical interventions. For example, in a number 
of advanced surgical procedures, such as 
implantation of automatic interna; defibrillators, 
pediatric surgeries for repairing complex 
congenital malformations [25], adult cardiac 
surgeries involving the aortic arch [26, 27], and 
neurosurgeries for the repair of intracranial 
aneurysms [23, 28], controlled circulatory arrests 
resulting in cerebral global ischemia ate often, 
necessary. Developing pretreatrnent strategies 
aimed at reducing neurological complications Is 
essentia! for the future advancement, of these and 
other novel medical procedures. 

The &~.mln global cerebral ischemia performed in 
this experiment resulted in a 51.7 1 8,7% 
(injection side) and 50.2 i 7.8 % (contralateral 
side) loss of C AI neurons in Group 1 (CA only), 
and a 70.4 ± 6.0% (injection side) and 62.1 f 8.2 
% (contralateral side) loss of CAi neurons in 
Group 2 (DM v CA) [16]. Pretreatrnent with 
stem-ceil-like RUCM cells (Group 3) led to 
Significant protection, cutting neuronal loss by at 
least 50% to 33.8 ± 2.7 % (injection side) and 
24.3 ± 4,2 % (contralateral side). 

Examination of the brain tissues revealed similar 
results for the degree of GFAP : reactive 
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astrocytes and the amount of ceil proliferation 
(as determined by Kid? staining) tor all 8~mi» 
CA groups (Groups 1-3). Although the neuronal 
loss from the global cerebral ischemia is not 
completely prevented, our study indicates that 
treatment with stem-cell -like RUCM cells 
greatly reduces the appearance of the activated 
microglia and the VTM7NES" reactive 
astrocytes in the htppocarapal CA! region in 
these tats. These reductions are strongly 
correlated with the reduction of neuronal loss in 
the same region As shown in Figure 7, both 
VIM" eel! counts and percent RCA-I. area are 
con-elated with the percentage of damaged 
pyramidal neurons in the CA1 region, with 
correlation coefficients of 0.93 and 0.87, 
respectively. 

Previous reports have shown that increases in 
GFAP correlates well with neuronal death 
following injury [29, Up More recent studies 
have suggested the possibility that the increases 
in GFAP r astrocytic hypertrophy might be an 
astroglia reaction to ischemia and can actually 
have neuroprotective functions [31-33], 
Astrocytes can .play a number of protective roles 
after ischemia, including the uptake and 
transport of glutamate arid glucose, repair of the 
blood brain barrier, and the production and 
release of neurotrophic factors [34, 35 j Several 
Studies demonstrating protection against 
isehenua-induced injuries by compounds 
targeting the inflammatory response to ischemia 
also show increases in GFAP ioimunostaining 
along with reductions in neuronal damage and 
microglia activation [11, 12, 36, 37], We 
observed similar GFAP immunoreaciivity 
increases associated with the 8-min cardiac 
arrest, A. lack of the concomitant increases in 
VIM and NES m animals pretreated with stem- 
celbiike RUCM cells could in tact suggest that 
RUCM ceils might have immunomodulatory 
properties, thereby altering the resultant 
astrogliottc response to C \ \ntt-hiilammator> 
effects due to intravenous infusion of umbilical- 
cord-blood-derived cells after ischemia have 
been demonstrated recently [38]. It is possible 



that umbilicahcord-rnatrix-derived cells have 
similar properties. 

The lack of astroglial expression of VIM and 
significant reduction of Hi S s tin RIX M cell- 
treated group may just be a sign of no or little 
permanent astroglia! damage in these animals It 
has been suggested [3] that the VIM' astroglia, 
but not GFAP'' ones, correlate with permanent 
injury aftc-i o.chc ma ( he se expiessson of V 1M 
and NES in reactive astrocytes is most 
commonly associated with a wide variety of 
brain injuries and always seen in the injured 
areas [3, 5, 29, 30, 39, 40]. The protection of 
astrocytes from pen » stem-ceii- 

like RUCM cells is consistent with and in 
support of the recent proposal [41] that the 
selective vulnerability of CA1 neurons is due to 
the selective vulnerability of the CA! astrocytes. 
Stem-cell-Hke-ceh protection of astroglial cells 
leads to the reduced long-term neuronal loss in 
the CA1 region. 

Despite the strong correlations seen m Figure 7, 
the causal relationship between the presence of 
MM re-expression and neural injury is. 
however, not clear. It has been suggested that 
VIM : astrocytes found in and around the injury 
are associated with hyperplasia and are 
representative of the newly formed immature 
astrocytes Our data do not support this 
hypothesis because in the RUCM t CA group, 
while VIM'" cells are almost absent, we do 
observe many GFAP 7 ' cells co-expressing Kid? 
(Figure 6B), suggesting that these cells are either 
newly divided or in the process of division. 

A recent study [4] suggested that VIM' 
,^mxwv'-> Mpeuied in c <. on elated mote with 
the cell migration than with cell proliferation. 
Reactive astrocytes expressing nestin have also 
been implicated in migration [42]. Re-expression 
of VIM in mature astrocytes may impart similar 
functions to them as radial glia [43 J. Radial glia 
not only function as neural progenitors but also 
offer a scaffold to guide and support migrating 
neuroblasts. Supporting this is the observation 
144] that the newly divided (Brdif) progenitor 
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ceils were always found to fee m close 
association with VIM" astrocytes, but not co- 
localized with them. The VIM expression 
observed in Group I (CA only) and Group 2 
(DM CA) may be guiding the migration, of 
neural precursors or microglia and macrophages 
to the site of lesion, and the stern -eel I -like 
RUCM cell treatment (Group 3) prevents the 
damage or Inflammation, thereby suppressing 
the signals for the cell migration. Our RCA- 1 
staining seems to support this conclusion. 

Another possible explanation for the lack of 
VIM'*' and reduction in MLS" reactive astrocytes 
is that the stem-cell-like RUCM cells release 
messenger molecules that inhibit the formation 
of glial scars, The Wharton's jelly, from which 
RUCM cells are isolated, has been shown to 
contain high concentrations of a wide variety of 
growth factors and cytokines [45). VIM" and 
MS' reactive astrocytes are almost always 
reported to be in and around areas of glial 
scarring,, and it has been demonstrated that glial 
scarring is an impediment to axon a! regeneration 
post-injury [7, 46, 47], The glial scar formation 
has been shown to be reduced or ablated when 
the expression of VIM is reduced by anti-sense 
expression or VIM and GFAP are eliminated m 
knock-out mice (48, 49). It has also been shown 
[50] that the glial sear formation is modulated 
through, the endotheiin B receptor' on reactive 
astrocytes. The expression of endotherlin B 
receptor in astrocytes has been shown to he 
dependent on both VIM and GFAP expression 
[51]. Therefore, it is possible that preventing 
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VIM expression can result in the inhibition of 
glial scar formation, leading to the regeneration 
of axons for the survival of the CA i neurons. 
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It is clear from our GFAP immunostaining that 
treatment with stewi-ceibbke RUCM ceiis prior 
to cardiac arrest does not inhibit the reactive 
astrocytosls normally associated with cerebral 
ischemia. It does, however, prevent the 
appearance of V;\i u-aem^, s ucevtes and 
reduce NES : reactive astrocytes m the 
selectively vulnerable CA1 regions, suggesting 
the possibility that the stem-eell-like RUCM 
cells prevent permanent astroglial damage. The 
large reduction in microglial activation and 
altered distribution suggests that RUCM ceil 
t r an sp I art tati on h as i mm u no modu I a tory e fleets , 
Combined, stem-cell-like RUCM cells offer 
protection against neuronal injury after global 
cerebral ischemia by enhancing the survivability 
of the astroglia in the selectively vulnerable 
regions. 




The authors would like to thank Dr. ICathy 
Mitchell for providing the RUCM cells and Mr. 
Marc Uy for early participation in the stem cell 
transplantation experiments. This work was 
supported in part bv a grant from NfNDS and 
NHS.Bi (RO! NS/111 ,036124'i 



5. Pekny M t Nihson M Astrocyte acuvaoon sard reactive 

6. Pekr \ \l. Johansson CO. I Is issoa C. ct at. Abnormal 
reaction to central nervous system injury in rorce 

t t briliat iciciic pro ct nd im ntin. J 

?. Dosses M t »< i\, Cf t v « ,u R^ust 

egenertiSioa of adult sensor) < > deyerieratln 
white matter of the adult rat %piml cord. J Neuroses 

»s ui-5n:j 

8. Wood Pi, Microglia as a unique cellular target m the 
treatment of stroke: potential neurotonic mediators 
piodaceJ bv acts sated 3a. v. s \eeroi Res. 
!0^.i'-;>4?-'?.4H, 



9. <\ / I ! \ i W ! ti i' % ! . ih > 

lypoxk ! e so mc hi < dc\ doping 

oimodendrocyses is the neonatal rat brats. 

Vm.v. - 

S > /, f, N Lt ik-Ko. X' m R < ai. 
fdane.ot.te tccxe>w , s ^ ioi <d t k j o 
product and sequential mSlammatop ■ >]>oii;;es ssfict 
transient fccai Ischemia in since pram. Stroke. 

.:n<;5 k. :■ tx:fw 

S i . Yrjaabeikkl 1. Tikka T, Keinanen R. et. at A 
tetracycline derivative, minocycline, reduces 
nbTimmaHon and protect:-; against local cerebral 
ischemia with a wide therapentic window. Proe Mat! 
Acad Sci U S A. i 999.96: 5 3494- 1 3500 

52. Ysjartheikki J, Keinxneo R. Pehikka M, ct aL 
Tetracyclines nnnbh microglias a..w. anon and aw 
neuroprotective in global brain ischemia, face Mad 
Aead Sci U S A, l9<>8:9S:}5769-!5774 

13. Watansbe H, Abe H, Takeuchi S, ei. id. Protective 
effect of microglia! conditioning medium on neuronal 
damaae reduced by gluiumase. Neuroscienee Setters. 
2000:289:53-56. 

14. Capoae C frigerio S.. FtmiagaHi S, et ;d. Neurosphere- 
denved cells exert a neuroprotective action by 
changing die ischemic mlcroenvrrooment PI.oS ONI 
2007r2:e373. 

ss llfM it Y I n t ) Y, Sn/uki H. ct at The iatra- 
arterial injection of microglia protects hippocampal 
CA] neurons n t s hob h tchemiaxnd 



hiili 



\42: 



So fomura S t M Mhebe . e !> - u ti Peanneni 

M<. ii Cells. 200?;25:9$-:KX>. 
S7. Trover Off Weiss ML. Wharton's jelly-derived ceils 

arc a primitive stromas cell population. Stem Cells. 

2008:26:59! -S99. 
ss Mifchc! KJ Wc w Ml MifchcU BM ct al. Matrix 

ceSSs from Wharton's icSSv form neurons and aha. Stem 

Ceds 2s'«vr.?i.v'VP0 
19 Liachenko S Sam: S 1 Hamilton RL, et al A 

roprodncihSc mode! of cireuhwxy arses; and remote 

rosuscimoor) in rats for NMR investigation. Stroke 

I'W 2 l1 S ^) ^ vN issiO S - < 

20. laaohenko S. Tang P. Harm Hon RL ct aL Regional 
J'p nk iu o w Jx, .r\ Ka iP x ! 
anest in rats. 3 Cereb Blood Flow Metab. 
2O(H:2S:S320-i:<29. 

2S. Liachenko S, Tang P, Kit V. Deierosamine improves 
early postrosaschatson reperfesson after prolonged 
cardiac ancst in ran;. .! Cereb BSood flow Memb 
20SB;23:574-5Sy], 

22, Xu V, Liachenko S. Tang P. Dependence of early 

ailfii i, J. _iPi\UM !d t ^ X OX! ik Oil 

fcsusciiiaioa cSikicncv alter cai'dsac xoi in rass 
\t! Tt -i , n s,"- r 
^ Sotn \U S ictai^SS Mik tSH\ . i hoiSi^i. 



cercbraS aaeuj 
2(i0eeJd:49?»503 
24. Peknv M WilSici 



5 go: 



elippsiip. 



fhon 



\u < n k G, Foe he m) i. Ot oeb EA Ci i 
CIt»ica? ptcdictors for prolonged ini.etjstve care unit 
\ta\ it; id d n i x ^ ot s i>t ^n .axis: vanecc 
, M it ii deep hypothermic cirt no a est J 
i ,idk! >• \ i-v. \ i.s h 'to. xi - j j 

27. Kleislt T, Raissi $$., Nisseti NN. ei aS. Cavomtrnd 
it i t UiOi; ittidcr n> , ) >. ( ( . c-f x six n < 
stmtototxy Mn rt ^ 2««it-.Si ^" 

28. SlrefoeS S, Mendeiownsch A, Kiocik-r C. Rupiiue of a 
giant ititracraniaS aneurysm while starting 
card;o|)ali;x>itary bypass for hygisthertiitc clienlatotx 

i I n >\ i \ s n < '<>i\ 

29 Pelito CK. bSatahy !A. Relationship between ischemia 
nd xdxrmv ite=it< c it tnxxte esptcs ton 

i t 9 i \ > iMv i i a >t i \\ V no v' 
ima 3:239-247. 

30 Ommyer Sitigli LD. Reactive astrocytes in 
i I i i x u !v i i! i t.e (Pa ucii < i 
expression in response to axotxd fnjnrv. Int J Dcv 
Neurosei, Wmi.WMM. 

31. Sugawnra T, Uwen A, Noridta M, et al. Effects of 
glol il ischemi dnranon >i ten >n t r« Si 

< v. s reectto! » m Pie 

vuinerabSe hippoeaoarstS CA 1 snbregton in rats, j 



dio 



s M. ct 



: hippocantpus 



if Astrocytic 
aal recovery 
cStabiSitakon 
Paining. Bchftv Bram Res 2006; 171 : 17-25. 
^ Bcnnct C\ T\ n "'M 7 m r»T \(<>kmi 
(nte me) iiixe d> t x !P re ess js Vx p p\ .> 
> >. v J ti C .i i , i \ii>' . \ '< e<x^ ^ •<) 
1230. 

34. t t s (. It! > / ct d ho cv. o i of 
ischemic brtnn celts is dependent on astrccyte-derived 
growtit lactors and their receptors. Exp Neurol. 
x){«> x m. 

35. Li 1. 1 iindkust \ snderssoTt D ct u! Protective role 
of reactive astrocytes in brain isehemtn. i Fetch BSood 
Flow Metah 20(.»7. 

36. ?ei 7. U - i V ' s ; 'x „»n s>- s 
itift- uF i x , ti . . i > > t-. a i in .s t a xriuson 
iipiir\ in a ;af middle xxeSira! arterv occhisson stroke 
mode f "ned Res \it) s~ ys-n 

5? Wong Y( ktx , ' i ropro.es i\e effeets 

cd t ffimoeych ie-based dms cockin is mtisiem .and 
pertnaneix focal eerohral ischemia. Exp Neurol. 
2007:204:433-442. 



9 



3S. \ v v'} ik M \n C, <ie Mesrjaita i c; ai. And- 
infamm-iKMv e'keNo, n.m,v> coai'> \x ce'i r t, 
xki ci i ~a v > Ceils Dev. 5 o< s ^ s f ,m 

39, Kfinntuc; t> hi a i i t ii f wdi of 

hypoxic/ischemic brain dumaste m forensic autopsy 
caws In tec.} Sted >') «i" tw^o 

40 Baldwin $a Scitcff S\\ I.kuh. i intent change 
it! astrocyf „ ic i Don.Su.sion C-lkt. 

f tt- 

41. Onvartg YB, Votobotievs LA, Xu U, ei ai Selective 
.1 'ati! of i i N »|M CAi astrocytes 

> i <a (k t etnon t v.! ( ) < )< 

42. Taka.has!ti H, Matsumoto H, Kuiaon Y, ei si 
1 \r fission > heparans t ra ?i i posi tve a t 
astrocytes i« ischemic lesions of rai brain after 
transient middle cerebral artery occiasioa. 
Menrescience letters. 2007:4 1 7:250-254. 

43. Leaviit BR, Hemii-Gratn CS, Mack ha JD. Mature 
astrocytes transform into transitional radial p'm within 
k! hs a ise s v. s te> si s - ppo u rcc ed i ion 
of transplnkd uumnu'e neurons i mH.. aa^r.a 
\c«ok» > <~ 1^- 

44. Aloaso G, Proliferation of progenitor cells in the adult 
rat brain correlates with the presence of vimeatttv 
,spn n a- ivv c «>'i i ^ 



4* Svlxjsev.sk t \ MiUc < *t A Hatlo^sk 1 « ai. 
\Uorei- cik , ho^o! "> pepi'de anxui \x <> s 
Placenta 2oo* 2(. 

^ \< Sv C ^ih t \ P. „ , t v ! i >i< 

mission of I ona in ',1 is tlK roediohasal 

bvwtoaUnnus and in other fotebrajn regions. .1 

NetKOso Res. 1903:34:523-538. 
4- ( V \\ iiuf 1 u H u R: cs h htna the 

eaenet c t > v ) ) 1 1 \< t \o i 

npos i sinne HeM V> t«.s S ^ m 
;n tin 1 < * i i uot won tniviii c u- -host m 

vitro and in vivo analysis. .! MeuroSrauma. 

2004 21:1671-1682. 

49. Rtbotia MO. tMenet V ho. at <\ Glial seas ami axons I 
regeneration hi she CMS: lessons from GFA.P and 
vtntemtn i.ran.sgetii'c mice. Acta Neuroehir Sappl 
2iK.s4;8y:87-y2, 

50. Rogers SI>, Peters CM, Ponionis JD. et ai BadotheUa 
B receptors are expressed >i xytes nd g» te 
astrocyte hypertrophy s« the nonnal and injured CMS. 

51. Wilhehosson U, IJ L, Peknn M. ei ai. Abaestee of glial 
ftbriiiary acidic protein and slmenort prevents 
i a. s i oi t ' tn ! 'u v. a i < j oncn pu i- 
trauinatic reaeneratlon. J Neurosci. 2fHkl:2i50ih- 
5021. 



1.0 



I tgure } { V) Rep tentative hippecampal ( \ sections immunochemical!; named foj both GFAP 
and VLM immimoactivities. Horizontal bar represents 150 urn. (B) Bar graphs summarising the 
percent GFAP' areas, GFAP" cells densities, and VIM cell counts in the contralateral and injection 
sides, averaged for each of the six experimental groups (see text for details}. Pink, cyan, and yellow 
bars represent no pretrearment (or sham), DM injection, and RUCM cell transplantation, respectively. 
Notice the pronounced reduction in the appearance of VIM" astrocytes after S-nsin cardiac arrest and 
7-day recovery in the animals treated with stem-cell- like RUCM cells, p < 0,05; **, p < 0.0 i. 
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Figure 2. GFAP (Ggreen) stasrang at the 20'* ratification showing increased staining within the 
IhT^ M 1 ' C-M regions for all experimental groups with 8-rain cardiac auost. Notice the thicker and 
more numerous astrocytic processes. Blue color shows the nuclear stain for DAP!. 
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Hg«re 3. ( \) RopiOsui + rs>i. i \ 1 >u intns earned for \cstm UtKHAte^ bho^ NcMtn o^pus^on « 
rats that were subjected to 8~.mi« of cardiac arrest. Photomicrographs were obtained at I Ox 
Magnification Bas represents 150 \nm i l * >> raph ron \vmn\ t pert at Nestin areas in. the 
cos 1 s < << < 1 ( ii etion sides averaged foi each oi the six pe i >s Pin! cyan, and 

yellow bars represent no pretveaiment (or sham), DM injection, and RUCM ceil transplantation, 
respectively. Treatment with stem-ceil-like RUCM cells 3 days before cardiac arrest greatly reduced 
the amount of nestin' astrocytes in the CA ! region of the hippocampus, ***, F ™ 0.003. 
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Figure 4. (A.) RepiCM Mam* (. \l seetuw-- -<taav I ioi n , o > 1 ps n« Rt V Mrefogha <tp » at <!- 
darkly stained cells while neurons appear as white spots. All rats subjected to 8-nii.o cardiac arrest 
show the appearance of microglia. Photomicrographs were obtained at H> magnification Bar 
represents 150 urn (B) Has graphs sumn » t tl \ ent R( \ 1 areas in the contralateral and 
injection sides, averaged for each of the six experimental groups. Pink. cyan, and yellow bars represent 
no pretreatmenf (or sham). DM injection, and R.UCM cell transplantation, respectively. Prerrcatment 
with stem-cell -like RUCM cells reduces the RCA-1 : area and changes their distribution. *** v P < 
0.001. 
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Figure 5. (A) Representative sections in the CAi region of the hippocampus stained for Ki6? 
Photomicrographs were obtained at 10* magnification. The scale bar represents 150 um. (B) Bar 
graphs summarizing die Ki6? v ceil counts in the contralateral and injection sides, averaged for each of 
the six experimental groups. Pink, cyan, and yellow bars represent no pretreatment (or sham), DM 
injection, and RUCM cell transplantation, respectively. Eight minute cardiac arrest, irrespective of 
treatment uuaease^ the number of Ki6? ceils. 
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Figure 6, High-magnification. iMi i maximum-intensity projection of 6-pffHhiek image stacks 
showing co localization of (A) IBA i microglia <red) expressing ICi67 (green) and iB) i FAP 
astrocytes (green) expressing KI6? (red) in the CA! region of the rat hippocampus after 8-ram cardiac 
arrest and 7-day reperftision. 
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Figure 7. Correlations between percentage of the hippocampa! CAS .neuronal, loss and (A) V1M : ceils 
or {8} activated microglia. Data are taken from the wi thin-group averages from the contralateral (#>) 
and injection (A) sides of the six experimental groups as detailed in the text. 
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1. INTRODUCTION 

f .V f\\ >n * ! i , ! v i v st 1 U!K>\ UkI 

ti)di;':i)oiii ik ( n n^i ' ' s.k ,i -aeroc U.t » 

categorized as one of three types: embryonic stem ceils (EST embryonic genu 
cdlsV.G) or adult vk-nuiK is.. U.»c > , > ^ > the snnei ma\s J 
the blastula (Fig. I ). They proliferate indefinitely and can difTeientiate sponta- 
neously into ail three tissue Savers of the embryo <4) and into germ cells as well 
p ■■■?). EG cells are derived from primordial germ cells i we Fig. D> a small set 
of stem ceils that reside in the protected environment of the yolk stalk, so that they 
remain end; fferenttateddnnogeo'tbryos.soes;s. As with ES ceils, EG cells, have the 
pact to differentiate to a hree tissue h ers (} \d em cells are found 
in most tissues and in the circulation, They may have less implicative capacity 
than ES or EG cells and, until recently ; were thought to have restricted develop- 
mental fates (9.K 11ns dassitkation system omits a significant source of stem 
ceils derived from the extraembryonic tissues (umbilical cord, placenta and 
amniotic tissues.- --'fluids y which are derived from neither the adult organism nor 
the embry o proper. This revicsv wit! descr ibe studies of stem cells derived from 
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extraembryonic tissues with m emphasis on cells derived from umbilical cord, 
their develo p <• 1 i tern cells and 

potential in regenerative medicine. 

2. STRUCTURE AND DEVELOPMENT 
OF THE UMBILICAL CORD 

The fully developed umbilical cord has one von and two arteries surrounded 
by mucous or gelatinous connective tissue also known as Wharton's jelly and is 
covered with amnion (Fig. 2). There are three distinct zones of stromal ceils and 
matrix that can be identified: subamosotte layer, Whanoivs jeUy ; and media and 
ad\cntiUas«noundir; i^w-v,, m -Jjik - < >■>,,>< al 
{1(1}. The Whaitoihs jelly region, the most abundant, has cleft-like spaces of 
stroma matrix molecules of codagens tvpe h 111, and Vi : with collagen type Vh 
la ru mu and hepatm -uiphak p oteog v : w as omul the cVits 1 uc jclK-ii t v d, 
cleft-like spaces re surro el is hit ire slendei uid pitulic- 

shaped myofibroblasts that express vmumin and smooth muscle acta; as well as 
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desmm > i ' Earlier cords have only vimentin and desmm. The structure and 
composition of the umbilical cord, rich in highly resilient matrix and myofibro- 
blasts, protects die vessels from compression ;hk! may also facilitate an exchange 
between cord blood and amniotic fluid. 

The umbilical cord is derived from extraembryonic mesoderm (we Fig. 1). 
After the hhstula develops, cells from the inner cell mass {from which .ES cells 
are derived) form the epiblastf/-./. Cells destined to become the extraembryonic 
mesoderm arise from die proximal eptblast and are the earnest mesoderm to 
migrate through the primitive streak (13). Extraembryonic mesoderm increases 
over the next few stages of embryogenasis to one the trophectoderm shell, the 
amniotic ectoderm, and the yolk sac eododerm and form the connecting stalk as 
well. Thus extraembryonic mesoderm contributes to the chorion, amnion, yolk 
sac, and. eventually, the umbilical cord (14). 

Primordial germ eeli$ (from which EG stem ceils are derived) arid early 
hematopoietic stem ceils arise from extraembryonic mesoderm (see Fig, 1). 
Hcmatopotesis occurs in she yolk sac blood islands 8-8.5 days postcooeeptmo 
in the mouse d/T / m These yolk sac hematopoietic stem cells provide early, 
local en duwuh e embryo to 

ponuk ' > 0 10(01 i ! . iOk, MOri la , \f kr hi\ - 

i i > I! { ■< , i ' H >oo 

days posiconceptifm m the mouse .'/"'/ They migrate to the genital ridges of the 
developing fetus by about 1 1 .5- 12.5 days postconception. Primordial germ cells 
retrieved ft mo dx 'cnuaht.h v\atKUuH;sfcd >n unoaiemtdtipotcntial pV> The 
migration of primordial germ eel is is controlled by a number of factors, including 
e-K.it and members of the nanos fam ; iy < / ^ ; I'n mordu I germ colls which do nor 
home correctly to the genital ridges, undergo apoptosis If apoptosis does not 
occur, these ceils can loon pedum ic genii cell tumors 09). 

'Recent work has shown that the umbilical cord is a rich source of stem cells. 
L mle eosned ' >- Mm > . . okamnn bcumnme cells, to da>esdo the 

primitive niultipotemiai cells found in human umbilical cord blood and sug- 
gested that they may be related to fetal stem celis (20, 21). Three types of stent 
cells have been identified m umbilical cord: myofibroblast-! ike cells from the 
umbilical cord matrix, and hematopoietic and mesenchymal stem cells from cord 
blood Stem cells obtained from umbilical cord and placental blood express low 
evels of i uleitk tc mti en 1 1 \) nd have a > i versa! don r \ < enti 
(22). This is an important source of stem cells for bone marrow replacement 
when HLA -matched donors cannot be found. The properties of umbilical cord 
n lis fit 1 niu i ihomx fk-< en eh in hut ) nn k < 
properties are areas of much interest in the emerging fields of stem cell biologv 
and regenerative medicine. 
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3. STEM CELLS DERIVED FROM EXTRAEMBRYONIC TISSUES 
•U. Umbilical Cord Matrix Cells 

Umbilical cord matrix may be the remnants of the yolk stalk, the protected 
w irom a vhere early net toj one stern ce s m<! primordia term cells 
arise. As such, if may be a reservoir of cells with stent cell-like characteristics 
that cart migrate into the developing fetus as appropriate times during develop- 
ment. Umbilical coo; matrix cells express markers for stem ceils, including many 
tie ire e ressed in x EG md neutal precta r oj te celts (Table ) In 
addition, umbilical cord matrix ceils can be easily expanded and maintained in 
culture for more than HO population doublings. They express tow levels of 
h nuo< \ v. } i stm m to ni mi soeb dus when 

cultured past confluence. They express smooth muscle actm and vimentin, 
markers for myofibroblasts; ncsmy neuron-specific enoiasc (NSE), and ghat 
fibrillary acidic protein f GFAP). markers for neural stem eelis; and c-Kit. Oct-4, 
Tra-l-nO, markers expressed m ES and EG cells. Impenemh umbilical cord 
matrix ceils do not form teratomas n node twee (23) or when injected mto rat 
brain or muscle {24}. 

Phiripotencyof ES cells has been linked to expression of Oct-4, a Pu-Ou A no 
t tec pti iilm i ,N I tn ocviU s ' i 'ho levoo jo m 

mature animals wax confined exclusively r.o yum eelis >dv>; innsallv expressed 
in ail eelis in the btastnia , Oct-4 becomes ■■ esOteted to the mnet- cell mass at the 
blastuia stage, Oct-4 is expressed by nearly 11 of isolated umbilical cord 
matrix cells after H o;sages and call zed to tin nucleus. The full-length 
transcript was ekmed 'i«m umbilical cord ; ,ttr t\ eelis and lias i 00% homologs 
to the reported human embryonic form of Oct-4 (23), The role of Oet-4 is> umbilical 
cord matrix cells is not known In BS cells s pre< se level < Oct 1 xpression 
seems to determine cell fate with high levels of Oct-4 expression pushing ES cells 
toward extraembryonic mesoderm or cndodermaJ lineages and low Oct-4 
expression resulting in cells that become trophectoderm {27). Only ES cells 
expressing normal Oct-4 levels remained piuripotens. Recently, a population of 
bone marrow stromal eelis was isolated after serum deprivation that expressed 
Oct-4 (28). Oct-4 expression was also found in amniotic fluid cells {29). Taken 
together, these findings suggest that Oct-4 may play a role in nonerabryomc stem 
i i ica eordi vitrrx cells n url xn stot > 

Umbilical cord matrix ceil express man} tfmemarkt Shamhiott £ 
identified in derivatives of cultured EG ceils including NSE. vimentin, and 
n sun mi c - t i tio« )l i > mJ 1 i iwifois 5 v On i ^ e 
code ^.-phosphodiesterase, mo ( d \Y also expressed m early neural precursors 
(see Table I). In addition, umbdieai cord matrix, ceiis express c-K.it, which is 
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smpo <m s. p> \xt iKii! Hto.i oi i i i v. f i , - s n of these 

proteins, including Oct-T by both umbilical cord matrix cells and EG ceils 
suggests a possible relationship between the two cell types, particularly m light 
of then residing in t= =c same region of etc developing fetus and common origin 
from extraembryonic mesoderm 

Umbilical cord matrix cc) can Ix * cd form new m tl cells 

based on morphology, expression of neuron-sped fie profems. and development 
c o t i c >i * um ch )! e inn cam curon th u i impO 1 tfi 

for development of electrical excitability fj/. id;. Some cells differentiate spon- 
taneously to express neuronal markers . induction by the method of Woodbury et 
al f-^j greatly enhances the number of cells thai differentiate into a neuron-like 
ceil (approximately 80%) (SI), Umbilical cord matrix cells induced by this 
method form primitive networks between the ceils with, iong axornlike pro- 
cesses., retractile cell bodies and dendnte~!i.ke processes, highly reminiscent of 
primary neurons m culture (Fig. 2D). The induced umbilical cord matrix cells 
express neurofdatm n- \f, ixl moviluene a-^ <et m I p!>*xm <U-\P43), and 
tyrosine hydroxylase, which ate markers for more mature neurons. Thus, as with 
many stem ceils, umbilical cord matrix stem cells appear to differentiate along 
a neuronal fate readily, oath some differentiation occurring spontaneously. 

Umbilical cord matrix ceils have also been used in in vivo xenotransplantation. 
Studies by Weiss et ah (24} suggest that porcine umbilical cord matrix cells 
s , v w ungrate, and hegm to csows wnarket • o, marine uanw s v\ hen trans- 
planted into rat brain. Umbilical cord matrix ceils loaded with the fluorescent 
the PhlUo w t -gdma I f f , i bmiiis and dctcembic u ,x iocs I offl? 
to 6 weeks after transplantation. After 4 weeks, the umbilical cord matrix cells 
were detected primarily along the infection tract and were small and spherical 
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with very few processes. However, the transplanted umbilical cord cells did 
express neuronal filament 70 oNf ?;>} based on detection with an antibody spe- 
cific lbs porcine but not rodent NF'b), in contrast. f> weeks after ;meeuom about 
^ 1 s "to n he 

injection site and into the region just ventral to the corpus eallosum. These 
umbilical cord nisi cell sr pre i \i t ikt t these stu ik 
suggest that umbilical cord matrix cells may have the capacity to differentiate 
into neurons tn vitro ami in vivo. More work needs to be done to establish that 
the umbilical cord matrix cells can generate action potentials in vitro and form 
new neuronal connections m vivo Studies are under way to address these issues 
and to establish whether umbilical cord matrix ceils can ameliorate neural defi- 
vurutoo > > < l\ s < w v model i« fat 

3.2. Umbilical Cord Blood Cells 

Umbilical cord blood ts a rich source of hematopoietic stem/progenitor cells 
and has been used successfully as an important source of cells for hematopoietic 
stem cell ( H SC) transplantation (34} Akhouah somewhat controversial, umbi'.f- 
s U ,11 < i ^ <h » n Is . hi v 1 w eh nufot tec ls{MSCs 
MSC can be bifoetew t nod mm cells other than bu»od : birr may also be important 
for long-term ongrahrneru in bone marrow transplants with umhihcai cord blood 
(3S). There is much interest in the potential of umbilical cord blood as a source 
of muhipoten 0 t> ells; umfoheal cord blood i otter; hanked and cryogem 
calty stoi'cd lor use by the individual bom whom the cord blood was own or as 
a source for donat ion to other individuals in need of bone marrow transplants or 
other cell-based therapies, 

Orobilk et dob i > s ourct dll^t tot mne marrow trans 
plants lot which HbAomuched donors cannot be found. Umbilical cord blood 
stem ceil progenitors arc used now routinely as an alternative to bone marrow 
transplant tab,' . There are many potential advantages in using the f ISC from cord 
blood ascomparedwuh BSC derived from bone marrow. First, BSC in umbilical 
cord blood occur at higher frequency than in peripheral blood 0?) and at com- 
pambk c\ eh to tbetr oecutn. ev i bone m >> o;n u\ iboet ' ot h 
total mono tub t ul on i i ^ - n \ > m 1 innbd < il ws H IS* < ) 
greater ability to repkeate than bone marrow-derived 1 ISC and can be manipu- 
lated genetically as well 09}. They can be collected rwmm namely with no risk 
to mother or child Because of their increased proliferative rate, flSC can be 
expanded ex vivo, unlike adult hematopoietic stem cells {40. 41). This potential 
f>> expansion ear; he augmented by treatment with a voe- o t nv t factors 
(TPO, SCff iuterle«kin-3, FL> and basic fibroblastic growth factor) allowing for 
a fnmiold expansion of U>e4 HSC fom umbilical cord blood mfb t. 034 
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umbilical cord cells ma h vepon i eyonrf ehen x neagex 
>csce ct al ? showed that < > mbih'cal cord cell can ditTcrcnviaie into 
muscte fibers in immune-suppressed mice and can also kum myombes when 
cocnltured with muscle cells in vivo. The abilities to expand ex vivo, genetically 
manipulate, and eryogcnkuliy store umbilical cord blood HSC in addition to 
their potential to contribute to repair of other tissues holds great promise for 
future stem cell-based therapies. 

Although umbiheai cord blood is known to be a neb source of HSC (44. day 
the existence of MSG in umbilical cool blood has been somewhat controversial 
(46). However, m. recent studies . MSC has been isolated from cord blood through 
methods used for isolation of MSG from bone marrow (4 The umbilical cord - 
denved MSG displayed a fibrohiast-hke morphology and were smooth muscle 
actio and fihronectm positive. T his suggests that they may he related to die cells 
isolated from mil i cord matrix, which may migrate into the cord blood 
Circulation Other groups have isolated MSC horn umbi ca coid blood that 
conk! be expanded in culture and induced to differentiate into oncocytes, 
choiKiroeyies, and adipocytes as well as hepatoognw of mesenchymal origin 
(4H). They were also able to induce the eel Is so express markers for neurons and 
glia Hou et ai isolated MSG from umbilical cord blood by negative selection. 
rhesetoJK. >u fexpme.< DM ( l> la o ( Dl b H!Uv; M -kvo iTM and 
CD? i , whteh is identical to MSG derived from bone marrow (49). Hon et a! . also 
isolated clonal populations of MSG that could differentiate into adipocytes., 
chondrocytes, oncocytes hepatocytes, neuronal, ami gbai ceils based on expres- 
sion of specibe markers 

Cells that resemble neural stem cells have been isolated from umbilical cord 
Hood pOi Win a i ; turned ate mumon exprn^eb ■ n^mai ptecotsors, is 
expressed by a large peicciitage of human cord blood monocytes that also 
coexpress CD] aa. However , oestm expression was not detected in adult rocmo- 
c slew do fm ms utvi odin Ut emiwe\pm ;w 1 ion \ In i 
cai cord blood could be directed to differentiate into early neurons that expressed 
TUG (a neuron-specifie class ill fombfemy astrocytes expressing GFAP, and 
set ct cbrosidasr ex c.ssing > dt droc es be trt mo vith brain- 
derived neurotrophic factor and refmoie acid. Similarly, other studies have 
shown (has CD Wm . 1 eh\ t t mbi he b tmrd h t >d could hi. expanded 
in cuifute and then be induced to form eeii 'hut w,pw neutonu! and uha 
markers TU J 1 and GFAP (52). Many other studies have shown the potential for 
cells from cord blood to differentiate into cells that express neuronal or glial 
proteins using a number of different induction pfotoeois 03}. Interestingly, 
many of the proteins arc expressed in umbilical cord cells without any treatment 
to induce them. For example, GFAP was expressed in about one-third of the 
so netieefo 1 ^ to ku d! i 1 out \ tno u <. Suit! mwtjli 
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were found for expression of NeeN. These studies show that a population of cells 
within umbilical cord blood express markers and .have properties very similar to 
those of nmbshcal eofo mams ceils and neural precursor ceils (xee Table !}. 

XX Other Extraembryonic Stem Cells 

Other eei Is with stem cell like properties have been id m 1 ed in the extraem- 
bryonic tissues Oet-4 expressing ceils lavs teen identified in human amniotic 
bi 0 >u \mn Uk ItiiluihopKs skn ul Kto ii , h > Nvleaet i\and 
vifneruin aru era 1 spared with adult eeiis (54 fin may 

also express telorn erase as telomerasc activity has been detected in amntottefluid 
05/. Amniotic cells also express a number of glial and neuronal proteins, includ- 
ing neurofilament proteins, microtubulc-associated pietem 2, Of V> fofofoychc 
nucleotide 3'~phosphodiesierase, myelin basic protein, and galactocerebrosidc 
(56, 57), These properties arc similar to those of cells isolated from umbilical 
cord matrix suggest im that they ma; have a common origin 

An interesting observation made by several investigators is that many neu- 
ronal and glial protetns are expressed m extraembryonic tissues. Initially, 
expression of some neuronal and Is proteins. NSE and SI 00. h) cord blood 

1 mmtk thud -> m h tt ix he no c W ae>> i it su uton t 1 n < 
(SB Bu ecem studies haves own; n L elsofNSI m< S-1.00 s e 
expressed >n umbilical cord blood after normal deb s en They are expressed at 
higher levels m the artery than venous blood, suggesting fetal origin (62}, 
Weinberger et al. did a more extensive analysis of neuronal and glial protein 
expression in the placenta and umbilical cord, looking tor expression of $-100, 
NSE, GFAF, and GAP43 (63;. They found that many ceil types, including 
mwfshrolm s w V, , , - ^ e tm \M .^d x- !f>0, as are cells 

of the vascular wail, amnion epithelium, and macrophages and monocytes in 
umbilical <.■> d blood mfolf t \ * - H v - however $-100 is 

also exptcsset ioplacent 1 issues (64) These results su icst that extract br\ 
on v. tisMti s vm a.^ ,),. mm at p^eairsor type 

properties. 

4. RELATIONSHIP TO E$, EG, AND ADUL T STEM CELLS 

ES cells are derived irons the inner cell mass of the biastma. EG ceils are 
derived proximal to the eptbfosr . residing temporarily in a protected environment 
vttiK %t 11 -ta \ -o that lx . i i , serctumd 

m most tissues u well as >■> e sw mm* \Juif >;em eel am -mil. o v ,< e t 
but. become activated under conditions of stress or injury. What are the origins 
of adult stem cells and bow do they keep from differentiating? These are some 
ofthe mosiu meal 4tk-m<\-m ski \c, bseie> \ it ins bee s, ox -oed mat stem 
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cells may not be the first cells io show up in a {issue, but rather may appear later 
in development when they can populate adult niches. Adult stem cells may be 
differentiated appropriately for then tissue, but also have other potentials if in a. 
en n ic < en n m tiers 

\re muitip . t < > ted to tru t tern cells of the 

umbilical cord? Most multipotenhal adult stem cells share common characteris- 
tics wath the myofibroblast-like cells isolated from umbilical cord matrix fSl). 
Postnatal stem cells in the adult, from a wide variety of sources, appear to be 
capable of differentiation into multiple tissue types. Cells derived from bone 
marrow (65), skin (66k astrocytes (67), synoviocytes foxy, adipose 09), and 
dental pulp < <> have recent iy been shown to be myhspotcrmai. Many of these 
muitipotential stem cells may have a common precursor in that they arc tissue- 
specific myofibroblasts. Myofibroblasts are found throughout the body and 
include bone marrow stromal cell?, astrocytes, synoviocytes, and pericytes ( 7 h. 
Myofibroblasts ! the adult take pari ,n growth, development, and repass of 
normal tissue. They can also be the cause of ory.au fibrosis, sear m manor and 
tins M\oftbiohlasts h.we net u spew; turn s hu! sum i in 
nu ilu > iii n lb Vm< IIom. o a it on Per- 

haps myofibroblasts or their precursors exist as a pool of piunpotem stem cells 
that ex 1st in equilibrium between stem cells thatare buried in. the diverse organs 
and those that circulate from the bone marrow, similar to monocytes and mac- 
rophages as suggested I \ I aba; tot as stc n cells ? ^ lite re. are imrinsk 
differences m fetal versus adult myofibroblasts that regulate their responses to 
cytokines, which m mm may account for the ability for scarless repair by fetal 
myofibroblasts (73). This may be a critical characteristic that favors younger 
myofibroblasts, such as those isolated horn umbilical cord matrix for therapeutic 
applications. 

5. UMBILICAL CORD STEM CELLS AND THE IMM UNE 
SYSTEM 

Although much of the enthusiasm about the potentials for therapeutic appli- 
cations of ES cells h based on the hope that they will evade the immune system, 
very little work has been done to investigate his potenti Imoumoio 

don max be an important barrier for is cell -based therapies if M HC molecules 

responsible for immune t < 1 ft ejection are expresses • 1 f 
they di fferemsate Human ES cells express HI. A class 1 but not class 11 molecules. 

is n * th classes of molecules increases v rivim en 

in vivo (74). As with ES cells, mesenchymal stem ceils express low levels of 
H.I...A class I molecules but not class 1.1 (73/. Importantly, they were able to 
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stmprcss mive< iyrop wMuttituLMn i amcd flm eapah t{ even after di f- 
ferentiauon, 

Junior formation {teratomas} by ES cells is a major hurdle that needs to be 
creome before sin- - u <. f cc c m >l sed i applications 
Preliminary findings show that, unlike ES ceils, human umbilical cord matrix 
i k k i j run i 1 Porcmeumhllic 

cord matrix cells do not illicit an immune response when injected into rat brain 
ormiH^ .! ut'i ^ ^ . ' t s . mcehnnsmot th^ nm 

evasion is not known but may involve the low expression of HLA class I mol- 
ecules and expwsMon of 11 \-u < } no vl -mi! HI \ i nttv - 
immune response at the tnnk-.ul-Mai interface t ?6j and in muscle (77). 

Umbilical cord blood HSC have low tmtmmogerocity with a lower incidence 
of graft- versus-host disease when used for transplantation in cancer patients, 
even when iw nmlxn 0 HI \ i \k hat c mat*, ed ate iowef t s ) fhe 
mechanism of tins potential to evade the immune system - not understood 
However |r ma o k 'nthii ?s expressed constitutive;;,-' m cord blood cells ("'>) 
and is kmwr to be an integral part of M ■( o\ in killer T cells and. thus., 

may play i role tn immune evasion of utubibeal cord blood I ISC fMh Mem cells 
from umhtgc, I cord appear to have fhe utn { w ability to evade the immune 
system wiuchmaU , ■ „ > ' »c reseat eh 

onthemecham t I < eh umbf c e em t s suppress immune response 
and how long after differentiation this is maintained is essential. 

6s POTENTIAL FOR CELL- BASED THERAPIES 

Umbil ca cord bknx i cotnrn >nl\ used in cc >ascd therapies todas for 
reconstimtion of the bone marrow after radiation for cancers of the blood (36). 
There are some new experimental therapies using bone marrow transplant with 
cord blood cells being developed tor other diseases. Umbilical cord blood trans- 
plantation in Wiskott Aklrich syndrome, w hich results in severe immune defi- 
ciency and early death if not treated, was found to result in rapid and reliable 
recovery of immune function, with low risk of graft-versus-host disease (81). 
Using umbilical cool blood stem ceils taken from unrelated donors, Stabaet al 
(82) treated children with Hurler's syndrome, who lack of a functional enzyme, 
aiphao -ndnxom ease. These researcher*; were able to beat these patients without 
radiation and to have improvement in survival and less neuronal degeneration 
than Hurler's patients who received bone marrow transplants. The researchers 
speculate that stem cells from cord blood may transport om.oduromdase across 
the blood-brain harrier more effectively. Irs addition, they are younger cells and 
do not haws to lx mate Ik 1 ->sh i b K w m -> u u o k opttno ui \ 
of umbilical cord blood cells to treat other disorders such as jib thalassemia /dig 
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ment c at otrophic i cral cierosis >s lowing motor nc on d eneration 
\t hen injected t v » I 14 > o ^ 1 ! nn lininukm^ 

in ectioDi t u nb tic s c irdl o )d« ''■.v'-hI i extend die sun iva! of so era! mouse 
knockout modelsofhuman d iseasc, mciuding amyotrophic lateral sclerosis f<V5.;.. 
\ / i m j ■> 1 Huntsn tot x Pert > s mdtype 1 d s ss 
Human umbilical cord blood cells also improve the mobility of rats wufc spinal 
cord injuries when injected intravenously. Cord blood ceils were observed in the 
areas of injury of spinal cord but not others and never seen m the control, utvm- 
jured animals (89). Similarly,, umbilical cord blood cells were able to improve 
function in a stroke model in the rat when injected intravenously. The human 
umbilical cord I lood ceils domo n «eU w < veifr ds u o n.-v ghai or neu- 
ronal markers (90}. This suggests that umbilical cord blood ceils have the ability 
to target to and heal neurologic defects. 

Cells from umbilical cord matrix may afro be a source of cells for treatment 
of neurodegenerative disease. Medicate et al. (91) treated rats with a unilateral 
6-hydroxydvpammei6-OHDA fresw)) thai caused parkmsomam-fike sy tnproms. 
1-our weeks altci the 6-OHDA ^ on rats were mucttd w:th an bfreal cord 
man t\ eeih or sh nn transplants. Four weeks after transplantation, there was a 
significant decrease in apomot phinc-i minced totatory behavior in the parkinso- 
nian rats, which received umbilical eorri matnM., I transplants-, as compared 
with parkinsonian rats thai received a sham transplant. Normal rats, without 
6-OHDA lesions, were transplanted wnh umbilical cord matrix cells but 
showed no changes in behavior. This work suggests that umbilical cord matrix 
cells cant; T - n of neural 

tissue. Amniotic cells may have a similar potential (92;. Labeled amniotic epi- 
thelial cells w< c t i fome labeled 
neurons were subsequently found in the spinal cord. Glial sear formation was 
decreased compared with animals that did not receo e anum »tk epithelial cells. 
More impot mtl 1), inuii n * hi < sn \>i ^ , < . tn tin m mm i. 
epithelial cells help in axon regtowth, These studies suggest that ceils from 
umfrined vol hfo..,l cam ■■thu idKimn cvmmnhwm <. o.yxues may be an 
important source of stem cells for a variety of therapeutic applications, 

7. SUMMARY 

! i - potential benefits tin > beach 

through stem cell research, including a better understanding of the basic biology 
of stem cells that may provide insights into cancer when proper control of pro- 
1 rat) , mi o > t \ t ok v t tu- dew • . t t pwecsses, and 
for drug discovery. There is significant potential to discover new drugs through 
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stem cell research that will increase the proliferative capacity of specific popu- 
lar >. v < e i s m tiu I nm to i v u P ihihoa M s„ i m h kt t 
produce new insulin-producing cells or discover new ehernotluTapeutic agents 
that target the cancer stem cell and thus i pr ve ion erm t t >f oncer 
patients. What i» clear is that there is much yet to be learned; stent eel! biology 
1 \ edto studx eel <■ i ur' mam 
sources to be able to harness these potentials. The eeiis from the umbilical cord 
and other excraembrv sex \ r exciting and pron singsoaree 

of primitive stern ceils based on then ready availability, low immunogerneify, 
and lack of tumormemcity. The study of extraembryonic stem cells may also 
reveal the origins of the adult stem ceil. Extraembryonic stem cells may also be 
a particularly useful tool i n drug development because of then ready availability, 
making it possible to harvest colls that represent a genetically diverse population, 
or stem ceils that carry spec the genetic defects. 
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84. <. >s ! Jit t f i i i i i 

i t ! > , i i < , < m >h> ku v i t in vm isiigca 

85. Is. N Wesaaek F. Cbm R, k»<k M kuma;i uraf»lksi wtd Wood st ot« vwi rake 
H> lm \ ! ,eis i ! i I eid'iet^iN i» 

iM, , < s s vo ? <: 

87. V.m \ i n " i ivi b«a$« ibics uk if mbiik e.ur<! bkxxl J Med 

?«>;;?;? V ] ?S-iS0. iS 
«8 ! ruk \ < hvd R M ck 8 N'OWU? type ? J »lx.-to i » m « k! $ effect <si <k« cdh 

is i , Nu<> M ^ v <sj A" 

89. SapwaS 

Steffi cc&s ) i i ) spmoi cord t f i i i ask v k a illkn oa ivh.svios .1 

8B v ' ^ it i In i i i f s I i > U 

.,!(!. x' t S s i r sit >B t t s , t t > ^ - ^ s s 

Sk-ih^Siv s. BkxKoc AK MjkhcU K: h-nu }) An^ Ml hd=sspi .nUi*H-n of bm«a» 
umbiiicat >.<«>.l tnainx vu.in ■-•.lis .sikv.*!-..- ti^morj'shitw- seduced ftuaiiosts in Parkiasituisn 
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